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(54) Motor having a brake and manufacturing method thereof

(57) A motor includes a motor main body (2), an out-
put arrangement (3) secured to the motor main body (2),
and a clutch (C, 61) arranged between the motor main
body (2) and the output arrangement (3). The motor
main body (2) includes a rotatable shaft (6). The output
arrangement (3) includes a housing (21, 68) and a worm
shaft (28, 69). The clutch (C, 61) transmits rotation of
the rotatable shaft (6) to the worm shaft (28, 69) and
prevents transmission of rotation of the worm shaft (28,
69) to the rotatable shaft (6). The worm shaft (28, 69)
and a driven-side rotator (29, 63) of the clutch (C, 61)
are installed in the housing (21, 68). The worm shaft (28,
69) and the driven-side rotator (29, 63) can be separate-
ly provided or alternatively can be integrally provided as
a one-piece member. Then, a driving-side rotator (35,
66) of the clutch (C, 61) is installed on the rotatable shaft
(6). Thereafter, the motor main body (2) is connected to
the housing (21, 68) of the output arrangement (3).
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Description

[0001] The present invention relates to a motor having
a rotatable rotor shaft (rotatable shaft) coupled with a
worm shaft via a clutch and also to a manufacturing
method of such a motor.
[0002] With reference to FIG. 12, one previously pro-
posed motor used, for example, in a vehicle power win-
dow system includes a motor main body 82, an output
arrangement 84 and a clutch 85 (FIG. 13). The motor
main body 82 has a rotatable shaft 81 that is rotated
upon energization of the motor. The output arrangement
84 has a worm shaft 83. The clutch 85 transmits rotation
of the rotatable shaft 81 to the worm shaft 83 but pre-
vents transmission of rotation of the worm shaft 83 to
the rotatable shaft 81.
[0003] As shown in FIG. 13, the clutch 85 includes a
driving-side rotator 86, a driven-side rotator 87, a collar
89 and rolling elements 90. The driving-side rotator 86
is secured to a distal end of the rotatable shaft 81 in non-
rotatable relationship with respect to the rotatable shaft
81. The driven-side rotator 87 is securely connected to
a base end of the worm shaft 83 in non-rotatable rela-
tionship with respect to the worm shaft 83. The collar 89
is secured to a gear housing 88 of the output arrange-
ment 84 to surround both the driving-side rotator 86 and
the driven-side rotator 87. The rolling elements 90 are
positioned between the driven-side rotator 87 and the
collar 89.
[0004] At an axial center of the driving-side rotator 86,
there is provided an annular recess 86a having diamet-
rically opposing flat inner surfaces. Furthermore, at the
distal end of the rotatable shaft 81, there is provided an
annular protrusion 81a having diametrically opposing
flat outer surfaces. When the protrusion 81a is fitted
within the recess 86a, the rotatable shaft 81 is secured
to the driving-side rotator 86. The inner surfaces of the
annular recess 86a are tapered such that a width of the
recess 86a increases toward an opening (upper side in
FIG. 13) of the recess 86a to facilitate insertion of the
protrusion 81a into the recess 86a during assembly.
[0005] Protrusions 86b are formed on a worm shaft
83 side of the driving-side rotator 86 at predetermined
angular positions at radially outward region of the driv-
ing-side rotator 86. Each protrusion 86b axially pro-
trudes toward the worm shaft 83 and extends radially
outwardly. A plurality of recesses 87a are formed at pre-
determined angular positions at a radially outward re-
gion of the driven-side rotator 87. A radially inward por-
tion (where a rubber component G is arranged) of each
protrusion 86b is received within the corresponding re-
cess 87a of the driven-side rotator 87 in such a manner
that a predetermined circumferential space is provided
between each protrusion 86b and the corresponding re-
cess 87a. Control surfaces 87b are provided in radially
outer surfaces of protruded portions of the driven-side
rotator 87 that are formed between the recesses 87a. A
radial space between an inner peripheral surface of the

collar 89 and each control surface 87b varies in a cir-
cumferential direction. Each rolling element 90 is ar-
ranged between the corresponding control surface 87b
and the inner peripheral surface of the collar 89.
[0006] An annular disk portion 89a that extends radi-
ally inwardly is formed at one end (upper end in FIG. 13)
of the collar 89. An annular cover plate 91 is fitted within
the other end (lower end in FIG. 13) of the collar 89. The
cover plate 91 and the annular disk portion 89a cooper-
ate to limit axial relative movement of the driving-side
rotator 86, the driven-side rotator 87 and the rolling el-
ements 90. More specifically, an inner diameter of the
annular disk portion 89a is selected such that the annu-
lar disk portion 89a prevents the driving-side rotator 86
to pass through it. Likewise, an inner diameter of the
cover plate 91 is selected such that the cover plate 91
prevents the driven-side rotator 87 to pass through it.
The other end of the collar 89 (lower end in FIG. 13) is
securely fitted within a serrated annular groove 88a
formed in the gear housing 88.
[0007] The motor having the above-described struc-
ture is assembled as follows.
[0008] First, with reference to FIG. 14, the driving-side
rotator 86, the rolling elements 90 and the driven-side
rotator 87 that is previously connected to the worm shaft
83 are inserted inside of the collar 89 from the other end
of the collar 89. Then, the cover plate 91 is fitted to pre-
vent these components from falling out of the collar 89.
In this way, a clutch-worm shaft unit 92 is assembled.
Then, a sensor magnet 93 that constitutes a rotational
sensor is secured around a shaft portion of the driving-
side rotator 86 which protrudes from the collar 89.
[0009] Next, the worm shaft 83 of the clutch-worm
shaft unit 92 is received within a worm shaft receiving
recess 88b defined within the gear housing 88. More
specifically, the worm shaft 83 of the clutch-worm shaft
unit 92 is received within a pair of metal bearings 94
retained within the worm shaft receiving recess 88b.
During this process, the collar 89 of the clutch-worm
shaft unit 92 is clamped by a human hand or chuck claws
of a manufacturing device (not shown) to insert the
worm shaft 83 of the clutch-worm shaft unit 92 into the
worm shaft receiving recess 88b. Then, the other end
of the collar 89 is fitted within the serrated annular
groove 88a.
[0010] Thereafter, as shown in FIG. 15, a yoke 95 of
the motor main body 82 is connected to the gear housing
88 of the output arrangement 84, and the protrusion 81a
of the rotatable shaft 81 is fitted within the recess 86a
of the driving-side rotator 86 to securely connect the ro-
tatable shaft 81 to the driving-side rotator 86.
[0011] In the clutch 85 of the assembled motor, when
the motor main body 82 is energized or driven to rotate
the rotatable shaft 81 and thereby the driving-side rota-
tor 86, each rolling element 90 is pushed by a radially
outward portion of the corresponding protrusion 86b,
and a wall surface of each recess 87a of the driven-side
rotator 87 is pushed by a radially inward portion of the
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corresponding protrusion 86b. As a result, the driven-
side rotator 87 and the worm shaft 83 are rotated by the
driving-side rotator 86.
[0012] On the other hand, in a non-actuated state of
the motor main body 82, if the driven-side rotator 87 is
forcefully rotated along with the worm shaft 83, each roll-
ing element 90 is clamped between the corresponding
control surface 87b and the inner peripheral surface of
the collar 89 to prevent further rotation of the driven-side
rotator 87 (locked state).
[0013] While the driven-side rotator 87 is provided as
the clutch-worm shaft unit 92 (i.e., while the driven-side
rotator 87 is not installed in the gear housing 88), there
is a small play between the driven-side rotator 87 and
the other clutch components (such as driving-side rota-
tor 86, cover plate 91 or the like), and thereby the driven-
side rotator 87 can slightly tilt relative to the collar 89.
[0014] Thus, when the collar 89 of the clutch-worm
shaft unit 92 is clamped to insert the worm shaft 83 with-
in the metal bearings 94, the worm shaft 83 may swing
freely, so that, for example, a worm 83a (tooth) of the
worm shaft 83 may contact an inner peripheral surface
of the corresponding metal bearing 94 (the contact sur-
face between the worm shaft 83 and the metal bearing
94), resulting in damage to the inner peripheral surface
of the metal bearing 94.
[0015] The present invention addresses the above
described disadvantages. Thus, it is an objective of the
present invention to provide a motor that has a rotatable
shaft coupled with a worm shaft via a clutch and that
allows installation of the worm shaft within a worm shaft
receiving recess without inducing damage to the rest of
the motor during assembly thereof. It is another objec-
tive of the present invention to provide a manufacturing
method of such a motor. It is a further objective of the
present invention to facilitate the manufacturing of such
a motor and also to improve productivity of such a motor.
[0016] To achieve the objectives of the present inven-
tion, there is provided a method for manufacturing a mo-
tor that includes a motor main body, an output arrange-
ment secured to the motor main body, and a clutch ar-
ranged between the motor main body and the output ar-
rangement. The motor main body includes a rotatable
shaft rotatably supported therein. The output arrange-
ment includes a housing and a worm shaft rotatably sup-
ported within the housing. The clutch transmits rotation
of the rotatable shaft to the worm shaft and prevents
transmission of rotation of the worm shaft to the rotata-
ble shaft. The method includes steps of installing the
worm shaft and a driven-side rotator of the clutch in the
housing of the output arrangement in such a manner
that the worm shaft rotates integrally with the driven-side
rotator of the clutch, installing a driving-side rotator of
the clutch on the rotatable shaft in such a manner that
the driving-side rotator rotates integrally with the rotat-
able shaft, and connecting the motor main body to the
housing of the output arrangement in such a manner
that the driving-side rotator is positioned in generally co-

axial relationship with respect to the driven-side rotator
and is drivingly engageable with the driven-side rotator.
[0017] In this method, the worm shaft can be installed
in the housing of the output arrangement prior to install-
ing the driven-side rotator of the clutch in the housing of
the output arrangement in the step of installing the worm
shaft and the driven-side rotator of the clutch. Alterna-
tively, the worm shaft and the driven-side rotator of the
clutch can be installed in the housing of the output ar-
rangement as a one-piece member in the step of install-
ing the worm shaft and the driven-side rotator of the
clutch.
[0018] An annular collar and a rolling element of the
clutch can be additionally installed in the housing of the
output arrangement upon installing the driven-side ro-
tator in the housing of the output arrangement before
connecting the motor main body to the housing of the
output arrangement. At the same stage, a support mem-
ber of the clutch can be additionally installed in the hous-
ing of the output arrangement. In this case, the rolling
element is first installed in and rotatably supported with-
in the support member prior to being installed in the
housing of the output arrangement.
[0019] Furthermore, in this method, the collar and the
support member can be installed in the housing of the
output arrangement while the collar and the support
member are correctly positioned with respect to the driv-
en-side rotator using a positioning jig. In this case, the
collar and the support member may be correctly posi-
tioned with respect to the driven-side rotator in a rota-
tional direction of the driven-side rotator by engaging the
positioning jig with a positioning portion of the collar, a
positioning portion of the support member and a posi-
tioning portion of the driven-side rotator, respectively.
[0020] Also, operation of the clutch can be tested just
before the step of connecting the motor main body to
the housing of the output arrangement. The operation
of the clutch can be tested with an operation testing jig
that is engageable with a rotational drive coupling por-
tion of the driven-side rotator to rotate the driven-side
rotator. The test may be conducted by inserting an op-
eration testing jig along a installing direction of the driv-
ing-side rotator, engaging the operation testing jig with
the rotational drive coupling portion, and directly rotating
the driven-side rotator by the operation testing jig.
[0021] Furthermore, to achieve the objectives of the
invention, there is provided a motor including a motor
main body, an output arrangement secured to the motor
main body, and a clutch arranged between the motor
main body and the output arrangement. The motor main
body includes a rotatable shaft rotatably supported
therein. The output arrangement includes a housing and
a worm shaft rotatably supported within the housing.
The clutch transmits rotation of the rotatable shaft to the
worm shaft and prevents transmission of rotation of the
worm shaft to the rotatable shaft. The clutch includes a
driven-side rotator, a driving-side rotator, an annular col-
lar and a rolling element. The driven-side rotator rotates
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integrally with the worm shaft. The driving-side rotator
is positioned in generally coaxial relationship with re-
spect to the driven-side rotator and rotates integrally
with the rotatable shaft. The driving-side rotator is driv-
ingly engageable with the driven-side rotator. The annu-
lar collar is received in the housing of the output arrange-
ment in non-rotatable relationship with respect to the
housing and surrounds both the driving-side rotator and
the driven-side rotator. The driven-side rotator includes
a control surface facing an inner peripheral surface of
the collar. The control surface is spaced from the inner
peripheral surface of the collar for a distance that varies
along a circumferential direction of the collar. A smallest
inner diameter of the collar is larger than a largest outer
diameter of the driving-side rotator, so that the driving-
side rotator is axially detachably engageable with the
driven-side rotator through the collar. The rolling ele-
ment is positioned between the control surface of the
driven-side rotator and the inner peripheral surface of
the collar. The rolling element rotates integrally with the
driven-side rotator when the driving-side rotator is rotat-
ed upon energization of the motor. The rolling element
is clamped between the control surface of the driven-
side rotator and the inner peripheral surface of the collar
to prevent rotation of the driven-side rotator when the
driven-side rotator is rotated by an external force.
[0022] The worm shaft can be formed separately from
the driven-side rotator. Alternatively, the worm shaft and
the driven-side rotator can be formed together as a one-
piece member.
[0023] Furthermore, the clutch can further includes a
support member for rotatably supporting the rolling ele-
ment. The support member is rotatably supported within
the housing of the output arrangement between the driv-
en-side rotator and the collar.
[0024] Also, the driven-side rotator can include a ro-
tational drive coupling portion for engaging with an op-
eration testing jig for testing operation of the clutch.
[0025] Moreover, each one of the collar, the support
member and the driven-side rotator can include a posi-
tioning portion for engaging with a positioning jig.
[0026] The invention, together with additional objec-
tives, features and advantages thereof, will be best un-
derstood from the following description, the appended
claims and the accompanying drawings in which:

FIG. 1 is a schematic cross-sectional view of a mo-
tor according to a first embodiment of the present
invention;
FIG. 2 is an enlarged partial cross-sectional view of
the motor according to the first embodiment;
FIG. 3 is an exploded perspective view of a clutch
according to the first embodiment;
FIG. 4 is a cross-sectional view taken along line IV-
IV in FIG. 2;
FIG. 5 is a cross-sectional view similar to FIG. 4,
showing operation of the clutch according to the first
embodiment;

FIG. 6 is another cross-sectional view similar to
FIGS. 4 and 5, showing the operation of the clutch
according to the first embodiment;
FIG. 7 is a partial longitudinal cross-sectional view
of the motor according to the first embodiment, de-
picting a method for manufacturing the motor;
FIG. 8 is an exploded partial longitudinal cross-sec-
tional view of the motor according to the first em-
bodiment, depicting the method for manufacturing
the motor;
FIG. 9 is a partial longitudinal cross-sectional view
of a clutch installed in a motor according to a second
embodiment of the present invention;
FIG. 10 is a view depicting a method for manufac-
turing the motor according to the second embodi-
ment;
FIG. 11 is another view depicting the method for
manufacturing the motor according to the second
embodiment;
FIG. 12 is a schematic longitudinal cross-sectional
view of a previously proposed motor;
FIG. 13 is an enlarged partial longitudinal cross-
sectional view of the previously proposed motor;
FIG. 14 is a view depicting a method for manufac-
turing the previously proposed motor; and
FIG. 15 is another view depicting the method for
manufacturing the previously proposed motor.

(First Embodiment)

[0027] A motor of a power window system according
to a first embodiment of the present invention will be de-
scribed with reference to FIGS. 1-8. FIG. 1 is a cross-
sectional view of the motor 1 according to the embodi-
ment. The motor 1 includes a motor main body 2, an
output arrangement 3 and a clutch C (FIG 2).
[0028] As shown in FIG. 1, the motor main body 2 in-
cludes a yoke housing (hereinafter simply referred as
the yoke) 4, a plurality of magnets 5, a rotatable shaft
6, an iron core 7 wound with coils, a commutator 8, a
resin brush holder 9 and power supplying brushes 10.
[0029] The yoke 4 is formed into a generally oblate
cylindrical shape having a base. Two magnets 5 are se-
cured to an inner peripheral surface of the yoke 4 in such
a manner that the magnets 5 diametrically oppose each
other. A base end of the rotatable shaft 6 is rotatably
supported at the base of the yoke 4 along a central axis
of the yoke 4. As shown in FIG. 2, an annular protrusion
6a having diametrically opposing flat outer surfaces is
formed at a distal end of the rotatable shaft 6.
[0030] The core 7 wound with the coils is secured to
a middle part of the rotatable shaft 6 to oppose the mag-
nets 5. The commutator 8 is secured to the rotatable
shaft 6 at a position distal to the core 7.
[0031] A flange 4a extends radially outwardly from an
open end of the yoke 4 and has two holes 4b and 4c
that penetrate through the flange 4a. The brush holder
9 is received within and secured to the open end of the
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yoke 4. The brush holder 9 has a shape corresponding
to that of the open end of the yoke 4. The brush holder
9 includes a holder main body 9a and a connector 9b.
The holder main body 9a is configured to substantially
cover the open end of the yoke 4. The connector 9b pro-
trudes radially outwardly from the flange 4a. Two brush-
es 10 are provided on an interior side of the holder main
body 9a facing an interior of the yoke 4 and are connect-
ed to the connector 9b through undepicted wiring. A
bearing 11 is arranged at substantially a center of the
holder main body 9a to rotatably support a distal end
side of the rotatable shaft 6.
[0032] At a connecting portion 9c that connects the
holder main body 9a of the brush holder 9 to the con-
nector 9b, there is formed a recess 9d that is recessed
on the output arrangement 3 side (bottom side in FIG.
1) of the connecting portion 9c.
[0033] A pair of first engaging projections 12 and 13
are formed on the yoke 4 exterior side (output arrange-
ment 3 side) of the holder main body 9a. The first en-
gaging projections 12 and 13 extend parallel to the ro-
tatable shaft 6. A Hall IC 15 that constitutes a rotational
sensor S is secured to the yoke 4 exterior side (output
arrangement 3 side) of the holder main body 9a, as
shown in FIG. 2.
[0034] The brushes 10 are placed adjacent to the
commutator 8 to contact the commutator 8. With this ar-
rangement, when electric current is supplied to the coils
wound around the iron core 7 through the brushes 10
and the commutator 8 from an undepicted control device
(external power source) connected to the connector 9b,
the iron core 7 or the rotatable shaft 6 of the motor main
body 2 is rotated.
[0035] The output arrangement 3 includes a gear
housing 21, first and second bearings 22a, 22b, a worm
member 23, a worm wheel 24 and an output shaft 25.
[0036] At a center of the top end (top end in FIG. 1)
of the gear housing 21, there is formed an open end re-
cess 21a. A protrusion 21b that can be received in the
recess 9d of the brush holder 9 is formed at the top end
of the gear housing 21. Furthermore, a projection 21c
that can be fitted into the through hole 4b of the yoke 4
is formed on the protrusion 21b. Also, in the top end of
the gear housing 21, there is formed another projection
21d that is fitted into the other through hole 4c of the
yoke 4. The gear housing 21 is secured to the yoke 4
with screws (not shown) while the projections 21c and
21d are received within the corresponding through holes
4b and 4c of the yoke 4, respectively.
[0037] The gear housing 21 further includes a clutch
receiving recess 21e (FIGS. 2 and 3) and a worm shaft
receiving recess 21f. The clutch receiving recess 21e is
recessed from a base of the open end recess 21a at a
center thereof in the axial direction of the rotatable shaft
6. The worm shaft receiving recess 21f is recessed from
a base of the clutch receiving recess 21e at a center
thereof in the axial direction of the rotatable shaft 6. The
gear housing 21 further includes a wheel receiving

chamber 21g that is communicated with the worm shaft
receiving recess 21f in a direction (right direction in FIG.
1) perpendicular to an axial direction of the worm shaft
receiving recess 21f at an axially middle portion of the
worm shaft receiving recess 21f. A bearing receiving re-
cess 21h (FIG. 2) is formed at an open end of the worm
shaft receiving recess 21f.
[0038] Furthermore, at the base of the open end re-
cess 21a, a pair of second engaging projections 26 and
27 are provided. Both the second engaging projections
26 and 27 extend parallel to the axial direction of the
rotatable shaft 6. Also, each second engaging projection
26 or 27 has a horseshoe-shaped cross section and sur-
rounds the corresponding first engaging projection 12
or 13, as shown in FIG 3.
[0039] The first and second bearings 22a and 22b are
radial bearings made of a metal material (metal bear-
ings). The first bearing 22a is fitted within the bearing
receiving recess 21h. The second bearing 22b is se-
cured to an inner peripheral surface of a base portion
(bottom side in FIG. 1) of the worm shaft receiving re-
cess 21f.
[0040] The worm member 23 includes a worm shaft
28 and a driven-side rotator 29 that is integrally formed
with the worm shaft 28 on a motor main body 2 side of
the worm shaft 28, as shown in FIG. 3. The worm shaft
28 has a worm 28a in the axially middle part thereof.
Furthermore, the worm shaft 28 is rotatably supported
by the first and second bearings 22a, 22b at its opposing
ends and is received within the worm shaft receiving re-
cess 21f.
[0041] The worm wheel 24 is meshed with the worm
28a and is received within the wheel receiving chamber
21g in such a manner that the worm wheel 24 is allowed
to rotate about its rotational axial that extends in a di-
rection perpendicular to the worm shaft 28 (direction
perpendicular to the drawing surface in FIG. 1). The out-
put shaft 25 is connected to the worm wheel 24 in such
a manner that the output shaft 25 rotates about the same
rotational axis as the worm wheel 24 when the worm
wheel 24 is rotated. The output shaft 25 is connected to
a window glass (not shown) via a known regulator.
[0042] The rotatable shaft 6 is connected to the worm
shaft 28 via the clutch C. As shown in FIGS. 2-4, the
clutch C includes the driven-side rotator 29, a collar 31,
a plurality (three in this embodiment) of rolling elements
32, a support member 33, a plate cap 34, a driving-side
rotator 35 and a ball 36. The collar 31 includes a cylin-
drical outer ring 31a, an annular flange portion 31b and
a pair of protrusions 31c. The annular flange portion 31b
extends radially outwardly from one end (upper end in
FIG. 2) of the cylindrical outer ring 31a. The protrusions
31c are angularly spaced 180 degrees apart from each
other and protrude radially outwardly from the flange
portion 31b. A smallest inner diameter of the collar 31
is larger than a largest outer diameter of the driving-side
rotator 35.
[0043] The outer ring 31a of the collar 31 is fitted with-
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in the clutch receiving recess 21e. Each protrusion 31c
is fitted within a corresponding fitting portion 21i (FIG.
3) formed in the gear housing 21 to prevent rotation of
the protrusion 31c. The driven-side rotator 29 is placed
inside of the collar 31.
[0044] As shown in FIG. 3, the driven-side rotator 29
includes a disk portion 29a, a shaft portion 29b and three
engaging projections 29c. The disk portion 29a has an
outer diameter larger than an outer diameter of a base
end of the worm shaft 28. The shaft portion 29b axially
extends from an axial center of the disk portion 29a on
the motor main body 2 side (rotatable shaft 6 side) there-
of. The engaging projections 29c extend radially out-
wardly from the shaft portion 29b and are spaced at
equal angular intervals (120 degrees). Each engaging
projection 29c has a increasing circumferential width
that increases toward a radially distal end thereof. A ra-
dially outer surface of each engaging projection 29c
constitutes a substantially flat control surface 41 that is
spaced from an inner peripheral surface 31d of the outer
ring 31a of the collar 31 for a distance that varies along
a circumferential direction of the collar 31, as shown in
FIG. 4. With reference to FIGS. 2 and 3, a circular recess
29d is formed at an axial center of the shaft portion 29b
on the motor main body 2 side (rotatable shaft 6 side)
thereof.
[0045] With reference to FIG. 4, each rolling element
32 is made of a metal material and is shaped into a gen-
erally cylindrical shape. Furthermore, each rolling ele-
ment 32 is arranged between the control surface 41 of
the engaging projection 29c and the inner peripheral
surface 31d of the outer ring 31a. An outer diameter of
the rolling element 32 is smaller than a distance be-
tween a center portion (circumferential center) 41a of
the control surface 41 and the inner peripheral surface
31d of the outer ring 31a but is longer than a distance
between each one of end portions (circumferential
ends) 41b, 41c of the control surface 41 and the inner
peripheral surface 31d of the outer ring 31a. Specifically,
the outer diameter of the rolling element 32 is equal to
a distance between the inner peripheral surface 31d of
the outer ring 31a and each intermediate portion 41d
located between the center portion 41a and each cir-
cumferential end 41b or 41c.
[0046] The support member 33 rotatably supports the
rolling elements 32 spaced at substantially equal angu-
lar intervals in generally parallel relationship. More spe-
cifically, as shown in FIGS. 2 and 3, the support member
33 is made of a resin material and includes a ring plate
33a, three inward protrusions 33b, three pairs of roller
supports 33c and three connectors 33d. The ring plate
33a is formed into an annular shape having an outer di-
ameter larger than that of the outer ring 31a. The inward
protrusions 33b extend radially inwardly from an inner
peripheral surface of the ring plate 33a and are spaced
at equal angular intervals. Each roller support 33c ex-
tends axially from a corresponding circumferential end
of the corresponding inward protrusion 33b at radially

inward of the inward protrusion 33b. Each connector
33d is formed into an arcuate shape that connects one
roller support 33c of one pair to the following roller sup-
port 33c of the next pair. In each pair of roller supports
33c, two circumferentially opposing engaging projec-
tions 33e are formed in distal ends of the roller supports
33c. Each rolling element 32 is held between the paired
roller supports 33c and also between the inward protru-
sion 33b and the opposing engaging projections 33e in
such a manner that the rolling element 32 is immovable
with respect to the ring plate 33a in a circumferential
direction and also in an axial direction. The support
member 33, which holds the rolling elements 32 in the
above-described manner, is positioned such that each
roller support 33c is inserted inside of the outer ring 31a
to position each rolling element 32 between the corre-
sponding control surface 41 and the inner peripheral
surface 31d of the outer ring 31a, and the ring plate 33a
abuts the flange portion 31b.
[0047] The plate cap 34 includes a securing portion
34a, a cylindrical portion 34b and an annular disk portion
34c. The securing portion 34a has an outer shape cor-
responding to a shape of the open end recess 21a
formed between the second engaging projections 26
and 27. The cylindrical portion 34b axially extends from
a peripheral edge of a center hole formed in the securing
portion 34a on the motor main body side (upper side in
FIG. 2). The annular disk portion 34c extends radially
inwardly from a distal end of the cylindrical portion 34b.
An inner diameter of the cylindrical portion 34b (center
hole) is substantially the same as an outer diameter of
the flange portion 31b. An inner diameter of the annular
disk portion 34c is substantially the same as an inner
diameter of the outer ring 31a. The securing portion 34a
of the plate cap 34 is secured to the base of the open
end recess 21a such that the securing portion 34a abuts
the protrusions 31c of the collar 31 to prevent the collar
31 from coming out of the clutch receiving recess 21e,
and the annular disk portion 34c abuts the ring plate 33a
of the support member 33 to prevent the support mem-
ber 33 from coming out of the outer ring 31a.
[0048] The driving-side rotator 35 is made of a resin
material and includes a shaft portion 35a, a disk portion
35b and a protruding portion 35c. The disk portion 35b
has an outer diameter larger than an outer diameter of
the shaft portion 35a. The protruding portion 35c pro-
trudes from an axial center of the disk portion 35b in the
axial direction (toward the bottom side in FIG. 2). In the
driving-side rotator 35, a ball receiving recess 35d ex-
tends from a distal end of the protruding portion 35c.
The ball receiving recess 35d is formed by recessing a
surrounding wall in a direction perpendicular to the axial
direction to provide a spherical shape. The ball receiving
recess 35d axially extends into a portion of the disk por-
tion 35b. The ball 36 is held in the ball receiving recess
35d such that a portion of the ball 36 protrudes from the
distal end of the protruding portion 35c.
[0049] At the axial center of the driving-side rotator
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35, an annular recess 35e having diametrically oppos-
ing flat inner surfaces extends from a base end (upper
end in FIG. 2) of the shaft portion 35a and communi-
cates with the ball receiving recess 35d. The driving-
side rotator 35 is connected to the rotatable shaft 6 in
non-rotatable relationship therewith by engaging the an-
nular protrusion 6a of the rotatable shaft 6 to the annular
recess 35e. The protruding portion 35c is substantially
received within the recess 29d of the driven-side rotator
29. The ball 36, which partially protrudes from the distal
end of the protruding portion 35c, contacts a base of the
recess 29d.
[0050] As shown in FIG. 4, a plurality (three in this em-
bodiment) of generally fan-shaped protrusions 42 pro-
trude radially outwardly on the distal end side (bottom
side in FIG. 2) of the disk portion 35b of the driving-side
rotator 35. The protrusions 42 are spaced at substan-
tially equal angular intervals. Each protrusion 42 ex-
tends in the axial direction. Furthermore, each protru-
sion 42 includes an arcuate surface that extends along
the inner peripheral surface 31d of the outer ring 31a
and that has a radius of curvature slightly smaller than
that of the inner peripheral surface 31d of the outer ring
31a, as shown in FIG. 4. That is, the driving-side rotator
35 is constructed such that the protrusions 42 can be
inserted in the axial direction through a center hole 34d
of the annular disk portion 34c of the plate cap 34. In
each protrusion 42, a coupling groove 42a extends half-
way from an inner peripheral surface of each protrusion
42 in a radially outward direction. Each protrusion 42 is
arranged between the engaging projections 29c of the
driven-side rotator 29 and also between the rolling ele-
ments 32 (roller supports 33c) within the outer ring 31a.
[0051] A cushion member 43 made of a rubber mate-
rial is securely coupled to the coupling groove 42a of
each protrusion 42. A cushion segment 43a is formed
in the cushion member 43. Each cushion segment 43a
extends radially inwardly from the coupling groove 42a
of each protrusion 42 and also extends in the circumfer-
ential direction.
[0052] As shown in FIG. 4, a circumferential width of
each cushion segment 43a is slightly longer than a cir-
cumferential width of an inner peripheral surface of the
corresponding protrusion 42.
[0053] One side surface (counter-clockwise side sur-
face) 43b of each cushion segment 43a engages a first
cushion surface 29e that is formed at a radially inward
region of a clockwise side surface of the engaging pro-
jection 29c when the driving-side rotator 35 is rotated to
a predetermined position in the counter-clockwise direc-
tion (the direction of an arrow X) relative to the driven-
side rotator 29. One side surface (counter-clockwise
side surface) 42b formed at a radially inward region of
the protrusion 42 engages a first engaging surface 29f
formed at a radially outward region of the clockwise side
surface of the engaging projection 29c when the driving-
side rotator 35 is further rotated in the counter-clockwise
direction (the direction of the arrow X) beyond the pre-

determined position. Since the cushion segment 43a is
deformed in the circumferential direction, the driving-
side rotator 35 is allowed to rotate beyond the predeter-
mined position in the counter-clockwise direction (the di-
rection of the arrow X), as shown in FIG. 5.
[0054] The other side surface (counter-clockwise side
surface) 43c of each cushion segment 43a engages a
second cushion surface 29g that is formed at a radially
inward region of a counter-clockwise side surface of the
engaging projection 29c when the driving-side rotator
35 is rotated to a predetermined position in the clock-
wise direction (direction of an arrow Y) relative to the
driven-side rotator 29. The other side surface (clockwise
side surface) 42c formed at the radially inward region of
the protrusion 42 engages a second engaging surface
29h formed at a radially outward region of the counter-
clockwise side surface of the engaging projection 29c
when the driving-side rotator 35 is further rotated in the
clockwise direction (the direction of the arrow Y) beyond
the predetermined position. Since the cushion segment
43a is deformed in the circumferential direction, the driv-
ing-side rotator 35 is allowed to rotate beyond the pre-
determined position in the clockwise direction (the di-
rection of the arrow Y).
[0055] With reference to FIG. 5, each component 32,
42, 29c, 33c is configured such that each rolling element
32 is placed at the center portion 41a of the correspond-
ing control surface 41 when the one side surface 42b of
the corresponding protrusion 42 engages the first en-
gaging surface 29f of the engaging projection 29c, and
a first urging surface 42d formed at the radially outward
region of the counter-clockwise side surface of the pro-
trusion 42 engages the corresponding roller support
33c.
[0056] Each component 32, 42, 29c, 33c is also con-
figured such that each rolling element 32 is placed at
the center portion 41a of the corresponding control sur-
face 41 when the other side surface 42c of the corre-
sponding protrusion 42 engages the second engaging
surface 29h of the engaging projection 29c, and a sec-
ond urging surface 42e formed at the radially outward
region of the clockwise side surface of the protrusion 42
engages the corresponding roller support 33c.
[0057] As shown in FIG. 2, an annular sensor magnet
51 that constitutes the rotational sensor S in cooperation
with the Hall ICs 15 is secured to an outer peripheral
surface of the shaft portion 35a of the driving-side rota-
tor 35. Each Hall IC 15 is axially aligned with and op-
poses a portion of an outer peripheral edge of the sensor
magnet 51 such that the Hall IC 15 generates a pulse
signal corresponding with a rotational speed of the sen-
sor magnet 51 or a rotational speed of the rotatable shaft
6 and outputs it to the control device. The control device
controls the electric current to be supplied based on the
pulse signal.
[0058] The motor 1 having the above-described struc-
ture is assembled as follows.
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(Worm Shaft Installing Step)

[0059] As shown in FIG. 7, the worm member 23 (one-
piece body having the worm shaft 28 and the driven-
side rotator 29) is installed in the gear housing 21. That
is, the worm shaft 28 of the worm member 23 is inserted
into the worm shaft receiving recess 21f and is held with-
in the first and second bearings 22a and 22b. In the
present embodiment, the driven-side rotator 29 is
clamped by chuck claws 52 of a manufacturing device
(not shown) and is moved in the axial direction to insert
the worm shaft 28 within the first and second bearings
22a and 22b.

(Clutch Installing Step)

[0060] The clutch C without the driven-side rotator 29
is installed in the gear housing 21. "The clutch installing
step" according to the present embodiment includes
"driving-side rotator installing step", "housing-side com-
ponent installing step" and "connecting step".

(Driving-side Rotator Installing Step)

[0061] The driving-side rotator 35 is installed on the
rotatable shaft 6. More specifically, the protrusion 6a of
the rotatable shaft 6 is fitted within the annular recess
35e of the driving-side rotator 35. In the present embod-
iment, the sensor magnet 51 is secured to the shaft por-
tion 35a of the driving-side rotator 35 prior to conducting
this step.

(Housing-side Component Installing Step)

[0062] The components of the clutch C other than the
driven-side rotator 35 are installed in the gear housing
21. More specifically, the outer ring 31a of the collar 31
is fitted within the clutch receiving recess 21e, and the
protrusions 31c are fitted within the corresponding fitting
portions 21i (FIG. 3). Then, the rolling elements 32 are
received and are held within the support member 33
which is, in turn, inserted inside of the outer ring 31a.
The securing portion 34a of the plate cap 34 is secured
to the base of the open end recess 21a such that the
securing portion 34a of the plate cap 34 abuts the pro-
trusions 31c of the collar 31 to prevent the collar 31 from
coming out of the clutch receiving recess 21e, and the
annular disk portion 34c abuts the ring plate 33a of the
support member 33 to prevent the support member 33
from coming out of the outer ring 31a.

(Connecting Step)

[0063] Upon completing the above-described "driv-
ing-side rotator installing step" and "housing-side com-
ponent installing step," the motor main body 2 is secured
to the output arrangement 3, and the driving-side rotator
35 is connected to the other components of the clutch

C. More specifically, as shown in FIG. 8, the projections
21c and 21d of the gear housing 21 are received within
the corresponding through holes 4b and 4c of the yoke
4, respectively. Furthermore, the protrusions 42 of the
driving-side rotator 35 are received inside of the outer
ring 31a of the collar 31 (specifically, between the en-
gaging projections 29c of the driven-side rotator 29 and
also between the rolling elements 32) through the center
hole 34d of the plate cap 34. As mentioned before, since
the smallest inner diameter of the collar 31 is larger than
the largest outer diameter of the driving-side rotator 35,
the driving-side rotator 35 is axially detachably engage-
able with the driven-side rotator through the collar 31.
In the present embodiment, upon completion of this
step, the yoke 4 and the gear housing 21 are secured
together with screws (not shown).
[0064] The power window system (motor 1) having
the above-described structure operates as follows.
[0065] When the motor main body 2 is driven to rotate
the rotatable shaft 6 in the counter-clockwise direction
(the direction of the arrow X) in FIG. 4, the driving-side
rotator 35 (protrusions 42) is rotated integrally with the
rotatable shaft 6 in the same direction (the direction of
the arrow X). Then, as shown in FIG. 5, when the one
side surface 42b of each protrusion 42 engages the first
engaging surface 29f of the corresponding engaging
projection 29c, and the first urging surface 42d of the
protrusion 42 engages the corresponding roller support
33c, the corresponding rolling element 32 is positioned
in the center portion 41a of the corresponding control
surface 41 (this position is hereinafter called a "neutral
position").
[0066] Prior to the engagement of the one side sur-
face 42b of the protrusion 42 with the first engaging sur-
face 29f, the one side surface 43b of the corresponding
cushion segment 43a engages the first cushion surface
29e of the corresponding engaging projection 29c to re-
duce the shocks generated by the engagement.
[0067] At this neutral position, each rolling element 32
is not clamped between the corresponding control sur-
face 41 of the engaging projection 29c and the inner pe-
ripheral surface 31d of the outer ring 31a, so that the
driven-side rotator 29 is allowed to rotate relative to the
collar 31. Thus, when the driving-side rotator 35 is fur-
ther rotated in the counter-clockwise direction, the rota-
tional force of the driving-side rotator 35 is transmitted
to the driven-side rotator 29 via the protrusions 42, so
that the driven-side rotator 29 is rotated along with the
driving-side rotator 35. At this time, the rotational force
is applied to each rolling element 32 from the corre-
sponding first urging surface 42d in the same direction
(the direction of the arrow X), so that the rolling element
32 is moved in this direction.
[0068] On the other hand, when the rotatable shaft 6
is rotated in the clockwise direction (the direction of the
arrow Y) in FIG. 4, each rolling element 32 is positioned
in the neutral position by the protrusion 42. At this neu-
tral position, each rolling element 32 is not clamped be-
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tween the corresponding control surface 41 of the en-
gaging projection 29c and the inner peripheral surface
31d of the outer ring 31a, so that the driven-side rotator
29 is allowed to rotate relative to the collar 31. Thus, the
rotational force of the driving-side rotator 35 is transmit-
ted to the driven-side rotator 29 through the protrusions
42, so that the driven-side rotator 29 is rotated along
with the driving-side rotator 35.
[0069] Thus, the rotation of the driven-side rotator 29
causes the worm shaft 28 to be rotated, and thereby ro-
tating the worm wheel 24 and the output shaft 25. As a
result, the window glass connected to the output shaft
25 is moved downward or upward.
[0070] When the motor 1 is not actuated, a load ap-
plied to the output shaft 25 causes the driven-side rota-
tor 29 to rotate. Then, when the driven-side rotator 29
is rotated by the load in the clockwise direction (the di-
rection of the arrow Y) in FIG. 4, each rolling element
32 moves toward the circumferential end 41b (more
specifically, toward the intermediate portions 41d) of the
corresponding control surface 41 of the engaging pro-
jection 29c. Then, as shown in FIG. 6, when the rolling
element 32 reaches the intermediate portion 41d, the
rolling element 32 is clamed between the control surface
41 and the inner peripheral surface 31d of the outer ring
31a (locked state). Since the outer ring 31a is securely
held, the driven-side rotator 29 cannot be rotated further,
so that the driving-side rotator 35 cannot be rotated by
the driven-side rotator 29.
[0071] On the other hand, when the driven-side rota-
tor 29 is rotated in the counter-clockwise direction (the
direction of the arrow X) in FIG. 4, each rolling element
32 moves toward the circumferential end 41c (more spe-
cifically, toward the intermediate portions 41d) of the
corresponding control surface 41 of the engaging pro-
jection 29c due to the fact that the driving-side rotator
35 is stopped. Then, when the rolling element 32 reach-
es the intermediate portion 41d, the rolling element 32
is clamped between the control surface 41 and the inner
peripheral surface 31d of the outer ring 31a (locked
state). Since the outer ring 31a is securely held, the driv-
en-side rotator 29 cannot be rotated further, so that the
driving-side rotator 35 cannot be rotated by the driven-
side rotator 29.
[0072] As described above, even if a large load is ap-
plied to the output shaft 25, the rotation of the driven-
side rotator 29 is prevented. Thus, the window glass that
is connected to the output shaft 25 is effectively prevent-
ed from moving upward and downward by its own weight
or an external force.
[0073] Characteristic advantages of the first embodi-
ment will be described below.

(1) The worm member 23 (one-piece body including
the worm shaft 28 and the driven-side rotator 29) is
constructed to be installable in the gear housing 21.
The worm member 23 is installed in the gear hous-
ing 21 as the one-piece body. Thus, the worm shaft

28 does not swing freely when the worm shaft 28 is
inserted and is held within the first and second bear-
ings 22a and 22b. That is, during the installation of
the worm shaft 28, the worm shaft 28 can be moved
linearly along the axial direction. Thus, the compo-
nent of the worm member 23, such as the worm 28a,
does not damage the first and second bearings 22a
and 22b by the swing movement of the worm shaft
28 during the installation.
(2) The above arrangement allows the driving-side
rotator 35 to be installed in the gear housing 21 after
installation of the components of the clutch C other
than the driving-side rotator 35 in the gear housing
21. The driving-side rotator 35 is first installed on
the rotatable shaft 6, and the components of the
clutch C other than the driving-side rotator 35 are
installed in the gear housing 21. Thereafter, the mo-
tor main body 2 is secured to the output arrange-
ment 3, and the driving-side rotator 35 is connected
to the other components of the clutch C (more spe-
cifically, the protrusions 42 are inserted inside of the
outer ring 31a). In this way, unlike the previously
proposed arrangement (FIG. 13), it is not required
to taper the inner surfaces of the recess 86a in such
a manner that that the width of the recess 86a in-
creases toward the opening of the recess 86a to fa-
cilitate insertion of the protrusion 81a into the recess
86a. Thus, during the operation of the motor upon
completion of the assembly, the rotatable shaft 6
and the driving-side rotator 35 are less likely to wob-
ble. As a result, impulsive sound is less likely to be
generated during the operation of the motor. Fur-
thermore, durability of the driving-side rotator 35
generally made of a resin material is improved.

(Second Embodiment)

[0074] A second embodiment of the present invention
will be described with reference to FIGS. 9-11. A motor
according to the second embodiment is substantially the
same as that of the first embodiment except a structure
of a clutch 61. Thus, the description and drawings of the
entire motor are not indicated for the sake of simplicity,
and similar components are designated by similar nu-
merals. FIG. 9 is a partial cross-sectional view of the
motor (clutch 61) according to the second embodiment.
[0075] The clutch 61 includes a collar 62, a driven-
side rotator 63, a plurality of rolling elements 64, a sup-
port member 65, a driving-side rotator 66 and a ball 67.
[0076] The collar 62 is formed into a generally cylin-
drical shape, and a base end of the collar 62 is press
fitted within a clutch receiving recess 68a formed in the
gear housing 68. At a distal end of the collar 62, there
is provided an annular disk portion 62a that extends ra-
dially inwardly from the distal end of the collar 62. At an
inner peripheral edge of the disk portion 62a, there is
provided a positioning groove 62b that extends radially
outwardly and acts as a positioning portion. An inner di-
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ameter of the disk portion 62a is larger than a maximum
outer diameter of the driving-side rotator 66.
[0077] Like the driven-side rotator 29 (worm member
23) of the first embodiment, the driven-side rotator 63 is
integrally molded at a base end of a worm shaft 69 and
constitutes a worm member 70 together with the worm
shaft 69. Like the driven-side rotator 29 of the first em-
bodiment, the driven-side rotator 63 includes three en-
gaging projections 63a that extend radially outwardly
and are spaced at equal angular intervals. A control sur-
face 63b is provided in a radially outer surface of each
engaging projection 63a. In a driving-side rotator 66 side
end surface of the driven-side rotator 63, three drive
holes 63c (only one is shown in FIG. 9) are provided at
equal angular intervals (120 degrees) as positioning
portions and also as rotational drive coupling portions.
Each drive hole 63c is displaced from an axial center of
the driven-side rotator 63 and is recessed in the axial
direction.
[0078] Each rolling element 64 is formed into a spher-
ical shape. Two axially aligned rolling elements 64 are
placed between each control surface 63b and the collar
62.
[0079] The support member 65 includes a cylindrical
portion 65a and an inward protrusion 65b. The cylindri-
cal portion 65a is formed into a generally cylindrical
shape having an outer diameter smaller than an inner
diameter of the collar 62. The inward protrusion 65b is
annular and extends radially inwardly from one end of
the cylindrical portion 65a. Retaining holes 65c are pro-
vided in the cylindrical portion 65a at equal angular in-
tervals (120 degrees) to penetrate through the cylindri-
cal portion 65a in the radial direction. Each rolling ele-
ment 64 is retained in each retaining hole 65c. The roll-
ing elements 64 are spaced at equal angular intervals.
Three through holes 65d are formed at equal angular
intervals (between the circumferentially spaced adja-
cent retaining holes 65c) in the inward protrusion 65b.
Each through hole 65d is located inward of the disk por-
tion 62a of the collar 62 and extends arcuately in a cir-
cumferential direction thereof. As shown in FIG. 10, a
circular positioning hole 65e acting as a positioning por-
tion is formed through a portion of the inward protrusion
65b where no through hole 65d is present. In FIG. 10,
a portion of a cross-section of the support member 65
where the positioning hole 65e is formed is seen from a
different direction with respect to the rest of the support
member 65. An inner diameter of the inward protrusion
65b is selected such that the drive holes 63c formed in
the driven-side rotator 63 are visible from the axial di-
rection through a center opening of the inward protru-
sion 65b. One end the cylindrical portion 65a of the sup-
port member 65 abuts the disk portion 62a of the collar
62, so that axial movement of the support member 65
is prevented, and the support member 65 is retained
within the collar 62.
[0080] The driving-side rotator 66 includes a shaft
portion 66a, an annular portion 66b and protrusions 66c.

The shaft portion 66a is coaxial with the driven-side ro-
tator 63. The annular portion 66b extends radially out-
wardly from an axially middle part of the shaft portion
66a. The protrusions 66c are arranged at equal angular
intervals (120 degrees) to extend in the axial direction
from an outer peripheral edge of the annular portion 66b.
The ball 67 is held in a distal end (driven-side rotator 63
side end) of the shaft portion 66a, and a portion of the
ball 67 that protrudes from the distal end of the shaft
portion 66a contacts the driven-side rotator 63. In a base
end of the shaft portion 66a, there is provided an annular
recess 66d having diametrically opposing flat inner sur-
faces. The annular protrusion 6a having the diametrical-
ly opposing flat outer surfaces formed in the rotatable
shaft 6 is fitted within the recess 66d. Each protrusion
66c of the driving-side rotator 66 extends through the
corresponding through hole 65d of the support member
65 and is positioned between the engaging projections
63a of the driven-side rotator 63.
[0081] The motor 1 having the above-described struc-
ture is assembled as follows.

(Worm Shaft Installing Step)

[0082] Similar to the first embodiment, the worm
member 70 (one-piece body including the worm shaft
69 and the driven-side rotator 63) is installed in the gear
housing 68.

(Clutch Installing Step)

[0083] The components of the clutch 61 other than the
driven-side rotator 63 are installed in the gear housing
68. "The clutch installing step" according to the present
embodiment includes "driving-side rotator installing
step", "housing-side component installing step", "clutch
operation testing step" and "connecting step".

(Driving-side Rotator Installing Step)

[0084] Similar to the first embodiment, the driving-
side rotator 66 is installed on the rotatable shaft 6.

(Housing-side Component Installing Step)

[0085] The components of the clutch 61 other than the
driving-side rotator 66 are installed in the gear housing
68.
[0086] More specifically, the rolling elements 64 are
first received and are held within the support member
65. Then, the support member 65 is placed around the
driven-side rotator 63 in such a manner that each rolling
element 64 is positioned radially outward of the corre-
sponding control surface 63b. During this process, as
shown in FIG. 10, an outer peripheral surface of the sup-
port member 65 (cylindrical portion 65a) is first clamped
by chuck claws 71 of a manufacturing device (not
shown). Then, a work engaging metal block 72 (FIG. 10)
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acting as a positioning jig of the manufacturing device
is moved toward the support member 65 while being ro-
tated to insert a support member pin 73 secured to the
work engaging metal block 72 into the positioning hole
65e of the support member 65. Then, as shown in FIG.
10, the support member 65 and the work engaging metal
block 72 are moved toward the driven-side rotator 63
while being rotated to insert driven-side rotator pins 74
secured to the work engaging metal block 72 into the
corresponding drive holes 63c of the driven-side rotator
63. The support member pin 73 and the driven-side ro-
tator pins 74 are previously arranged in predetermined
corresponding positions in the work engaging metal
block 72 to correspond with the positioning hole 65e and
the drive holes 63c, respectively. By inserting the sup-
port member pin 73 and the driven-side rotator pins 74
into the positioning hole 65e and the drive holes 63c,
respectively, the support member 65 is correctly posi-
tioned with respect to the driven-side rotator 63 in the
rotational direction. In this way, with use of the support
member pin 73 and the driven-side rotator pins 74, the
support member 65 (rolling elements 64) is correctly po-
sitioned with respect to the driven-side rotator 63 (con-
trol surfaces 63b) in the rotational direction and is also
mounted to the driven-side rotator 63.
[0087] Then, the collar 62 is press fitted into the clutch
receiving recess 68a of the gear housing 68. During this
process, as shown in FIG. 11, an outer peripheral sur-
face of the collar 62 is first clamped by chuck claws 75.
Then, a work engaging metal block 76 (FIG. 11) acting
as a positioning jig is moved toward the collar 62 while
being rotated to insert a collar pin 77 secured to the work
engaging metal block 76 into the positioning groove 62b
of the collar 62. Then, as shown in FIG. 11, the collar 62
and the work engaging metal block 76 are moved toward
the support member 65 while being rotated to insert the
support member pin 78 and the driven-side rotator pins
79 secured to the work engaging metal block 76 into the
positioning hole 65e of the support member 65 and the
drive holes 63c of the driven-side rotator 63, respective-
ly. In this way, the collar 62 is press fitted within the clutch
receiving recess 68a of the gear housing 68 while the
collar 62, the support member 65 (rolling elements 64)
and the driven-side rotator 63 (control surfaces 63b) are
correctly positioned in the rotational direction with use
of the collar pin 77, the support member pin 78 and the
driven-side rotator pins 79, respectively. Similar to FIG.
10, in FIG. 11, a portion of a cross-section of the support
member 65 where the positioning hole 65e is formed is
seen from a different direction with respect to the rest of
the support member 65.

(Clutch Operation Testing Step)

[0088] After "the housing-side component installing
step", an operation test (locking test) of the clutch 61 is
conducted. Specifically, drive pins (not shown) consti-
tuting an operation testing jig are inserted into the drive

holes 63c of the driven-side rotator 63 to directly rotate
the driven-side rotator 63 by the drive pins. During this
rotation of the driven-side rotator 63, if each rolling ele-
ment 64 is clamped between the corresponding control
surface 63b and the inner peripheral surface of the collar
62, thereby preventing further rotation of the driven-side
rotator 63, the clutch 61 is determined to be normal. On
the other hand, if each rolling element 64 is not clamped
between the corresponding control surface 63b and the
inner peripheral surface of the collar 62, thereby allow-
ing continuous rotation of the driven-side rotator 63, the
clutch 61 is determined to be abnormal.

(Connecting Step)

[0089] After "the driving-side rotator installing step",
"the housing-side component installing step" and "the
clutch operation testing step", similar to the first embod-
iment, the motor main body 2 is secured to the output
arrangement 3, and the driving-side rotator 66 is con-
nected to the other components of the clutch 61.
[0090] The power window system (motor) having the
above-described construction operates as follows.
[0091] When the motor main body 2 is driven to rotate
the rotatable shaft 6, the driving-side rotator 66 (protru-
sions 66c) rotates integrally with the rotatable shaft 6.
Then, each protrusion 66c pushes the corresponding
rolling elements 64 via the corresponding support mem-
ber 65 and also pushes the driven-side rotator 63, so
that the driven-side rotator 63 is rotated along with the
driving-side rotator 66.
[0092] On the other hand, when the motor main body
2 is not actuated, a load applied to the output shaft 25
causes the driven-side rotator 63 (control surfaces 63b)
to rotate. Then, when the driven-side rotator 63 is slight-
ly rotated by the load, each rolling element 64 is clamped
between the corresponding control surface 63b and the
inner peripheral surface of the collar 62 (locked state).
Thus, further rotation of the driven-side rotator 63 is pre-
vented, so that the driving-side rotator 66 is not rotated
by the driven-side rotator 63.
[0093] As described above, even if a large load is ap-
plied to the output shaft 25, the rotation of the driven-
side rotator 63 is prevented. Thus, the window glass that
is connected to the output shaft 25 is effectively prevent-
ed from moving upward and downward by its own weight
or an external force.
[0094] According to the second embodiment, in addi-
tion to advantages similar to those described above in
the sections (1) and (2) with reference to the first em-
bodiment, the following advantages are achieved.

(3) The drive holes 63c are formed in the driven-
side rotator 63, and the driven-side rotator 63 is di-
rectly rotated by the drive pins inserted within the
corresponding drive holes 63c to conduct the oper-
ation test (locking test) of the clutch 61 before the
motor main body 2 is secured to the output arrange-
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ment 3. Thus, defective products can be found at
an earlier stage of the assembling process in com-
parison to a case where the clutch is tested by ro-
tating the output shaft 25 after the motor main body
2 is secured to the output arrangement 3. As a re-
sult, loss of assembling work can be reduced to re-
duce an assembling cost. Furthermore, in compar-
ison to the case where the clutch is tested by rotat-
ing the output shaft 25 after the motor main body 2
is secured to the output arrangement 3, a torque
required to rotate the driven-side rotator 63 is re-
duced. Thus, a size of a clutch testing apparatus
can be reduced.
(4) The drive holes 63c, the positioning hole 65e
and the positioning groove 62b are formed in the
driven-side rotator 63, the support member 65 and
the collar 62, respectively. Furthermore, the driven-
side rotator pins 74, 79, the support member pin 73,
78 and the collar pin 77 are inserted into the drive
holes 63c, the positioning hole 65e and the position-
ing groove 62b, respectively, to conduct the posi-
tioning and the installation, as described above.
Thus, each component 62, 63, 65 is correctly posi-
tioned in the rotational direction and is assembled.
In this way, there is no substantial problem with re-
spect to the positioning of these components, such
as miss-installation of the rolling elements 64 where
the rolling elements 64 are not correctly positioned
radially outward of the corresponding control sur-
faces 63b. As a result, the assembling work can be
automated.
(5) During the installation of the driven-side rotator
63, the drive holes 63c of the driven-side rotator 63
act as the positioning portions for positioning the
driven-side rotator 63 that is achieved by inserting
the driven-side rotator pins 74, 79 into the corre-
sponding drive holes 63c. Furthermore, during the
operation test of the clutch 61, the drive holes 63c
of the driven-side rotator 63 also act as the rotation-
al drive coupling portions for directly driving the driv-
en-side rotator 63 by inserting the drive pins into the
corresponding drive holes 63c. Thus, the position-
ing and the operation test described above can be
conducted without constructing the driven-side ro-
tator 63 into a more complicated form.

[0095] The above embodiment can be modified as fol-
lows.
[0096] In each one of the above embodiments, the
driving-side rotator 35, 66 is first installed on the rotat-
able shaft 6. Then, the components of the clutch C, 61
other than the driving-side rotator 35, 66 are installed in
the gear housing 21, 68. Thereafter, the motor main
body 2 is secured to the output arrangement 3, and the
driving-side rotator 35, 66 is connected to the other com-
ponents of the clutch C, 61. However, this can be mod-
ified as follows. That is, the driving-side rotator 35, 66
is first connected to the other components of the clutch

C, 61. Then, the motor main body 2 is secured to the
output arrangement 3, and the rotatable shaft 6 is con-
nected to the driving-side rotator 35, 66. In such a case,
the inner surfaces of the recess 35e, 66d can be tapered
such that the width of the recess 35e, 66d increases to-
ward the opening of the recess 35e, 66d. This structure
facilitates insertion of the protrusion 6a into the recess
35e, 66d. Thus, the rotatable shaft 6 can be connected
the driving-side rotator 35 without necessitating high di-
mensional precision of these components. Even with
this modification, it is possible to accomplish the advan-
tages similar to those described in the above sections
(1), (3) and (4).
[0097] In each one of the above embodiments, the
worm member 23, 70 (worm shaft 28, 69) is first accu-
rately positioned in the rotational direction and is insert-
ed into the worm shaft receiving recess 21f. At this time,
the worm member 23, 70 is inserted as the one-piece
body, so that more accurate positioning of the worm
member 23, 70 can be achieved in comparison to the
previously proposed motor. Thus, upon installation of
the worm wheel 24 in the gear housing 21, 68, the worm
shaft 28, 69 can be easily installed in the gear housing
21, 68 without damaging the tooth of the worm wheel
24 or the tooth of the worm 28a of the worm shaft 28,
69. With this arrangement, the assembling procedure of
the motor 1 can be varied with a greater degree of flex-
ibility.
[0098] In the second embodiment, the operation test
(locking test) of the clutch 61 is conducted in "the clutch
operation testing step." However, "the clutch operation
testing step" can be eliminated. Even with this arrange-
ment, it is possible to accomplish the advantages similar
to those described in the above sections (1), (2) and (4).
[0099] In the second embodiment, the relative posi-
tioning of the driven-side rotator 63, the support member
65 and the collar 62 is carried out with use of the driven-
side rotator pins 74, 79, the support member pin 73, 78
and the collar pin 77 in "the housing-side component
installing step." However, this relative positioning can be
carried out by any other way. For instance, an operator
can assemble these components while checking the rel-
ative position of each component with his eyes. Even in
this way, it is possible to accomplish the advantages
similar to those described in the above sections (1) to
(3).
[0100] In the second embodiment, the driven-side ro-
tator 63, the support member 65 and the collar 62 are
installed upon conducting the relative positioning of all
these components in "the housing-side component in-
stalling step". However, these components can be in-
stalled upon conducting the relative positioning of only
the driven-side rotator 63 and the support member 65.
Even in this way, the rolling elements 64 held by the sup-
port member 65 are accurately positioned radially out-
ward of the corresponding control surfaces 63b of the
driven-side rotator 63.
[0101] In the second embodiment, the drive holes 63c
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of the driven-side rotator 63 act as both the positioning
portions and the rotational drive coupling portions. How-
ever, the positioning portions and the rotational drive
coupling portions can be separately provided. Even with
this arrangement, it is possible to accomplish the advan-
tages similar to those described in the above sections
(1)-(4). In this case, the rotational drive coupling portion
can be changed into any form as long as it can engage
with the corresponding pin or an other type of mating
member in the rotational direction. For instance, the ro-
tational drive coupling portion can be a tetragon protru-
sion protruding from the axial center of the driven-side
rotator 63.
[0102] In the first embodiment, the driven-side rotator
29 is clamped by chuck claws 52 of the manufacturing
device (not shown) and is moved in the axial direction
to insert the worm shaft 28 within the first and second
bearings 22a and 22b. However, this operation can be
manually carried out if it is possible to prevent the worm
28a or the like from contacting the first and second bear-
ings 22a and 22b.
[0103] In each one of the above embodiments, the
worm shaft 28, 69 and the driven-side rotator 29, 63 are
integrally molded together in one-piece to constitute the
worm member 23, 70. However, the worm shaft 28, 69
and the driven-side rotator 29, 63 may be separately
manufactured and may be then connected together. In
this case, only the worm shaft 28, 69 is installed in the
gear housing 21, 68 in "the worm shaft installing step."
Then, the components of the clutch C, 61 including the
driven-side rotator 29, 63 are installed in the housing
21, 68 in "the clutch installing step". Alternative to this,
the worm shaft 28, 69 and the driven-side rotator 29, 63
are first secured together to form an integral unit in "the
worm shaft installing step", and the integrated worm
shaft 28, 69 and driven-side rotator 29, 63 are installed
in the gear housing 21, 68. Then, the other components
of the clutch C, 61 other than the driven-side rotator 29,
63 are installed in the gear housing 21, 68 in "the clutch
installing step."
[0104] In the above embodiments, each rolling ele-
ment 32 is made of the metal material. However, each
rolling element 32 (each rolling element 64) can be
made of any other appropriate material, such as a resin
material. If each rolling element is made of the resin ma-
terial, noises generated during sliding movement of the
rolling element along the collar 31, 62 can be reduced.
[0105] In the above embodiments, the present inven-
tion is embodied in the motor 1 of the power window
system. However, the present invention can be embod-
ied in a motor used in any other type of device.
[0106] Additional advantages and modifications will
readily occur to those skilled in the art. The invention in
its broader terms is therefore, not limited to the specific
details, representative apparatus, and illustrative exam-
ples shown and described.
[0107] A motor includes a motor main body (2), an
output arrangement (3) secured to the motor main body

(2), and a clutch (C, 61) arranged between the motor
main body (2) and the output arrangement (3). The mo-
tor main body (2) includes a rotatable shaft (6). The out-
put arrangement (3) includes a housing (21, 68) and a
worm shaft (28, 69). The clutch (C, 61) transmits rotation
of the rotatable shaft (6) to the worm shaft (28, 69) and
prevents transmission of rotation of the worm shaft (28,
69) to the rotatable shaft (6). The worm shaft (28, 69)
and a driven-side rotator (29, 63) of the clutch (C, 61)
are installed in the housing (21, 68). The worm shaft (28,
69) and the driven-side rotator (29, 63) can be separate-
ly provided or alternatively can be integrally provided as
a one-piece member. Then, a driving-side rotator (35,
66) of the clutch (C, 61) is installed on the rotatable shaft
(6). Thereafter, the motor main body (2) is connected to
the housing (21, 68) of the output arrangement (3).

Claims

1. A method for manufacturing a motor, said motor in-
cluding a motor main body (2), an output arrange-
ment (3) secured to said motor main body (2), and
a clutch (C, 61) arranged between said motor main
body (2) and said output arrangement (3), said mo-
tor main body (2) including a rotatable shaft (6) ro-
tatably supported therein, said output arrangement
(3) including a housing (21, 68) and a worm shaft
(28, 69) rotatably supported within said housing (21,
68), said clutch (C, 61) transmitting rotation of said
rotatable shaft (6) to said worm shaft (28, 69) and
preventing transmission of rotation of said worm
shaft (28, 69) to said rotatable shaft (6), said method
being characterized by steps of:

installing said worm shaft (28, 69) and a driven-
side rotator (29, 63) of said clutch (C, 61) in said
housing (21, 68) of said output arrangement (3)
in such a manner that said worm shaft (28, 69)
rotates integrally with said driven-side rotator
(29, 63) of said clutch (C, 61);
installing a driving-side rotator (35, 66) of said
clutch (C, 61) on said rotatable shaft (6) in such
a manner that said driving-side rotator (35, 66)
rotates integrally with said rotatable shaft (6);
and
connecting said motor main body (2) to said
housing (21, 68) of said output arrangement (3)
in such a manner that said driving-side rotator
(35, 66) is positioned in generally coaxial rela-
tionship with respect to said driven-side rotator
(29, 63) and is drivingly engageable with said
driven-side rotator (29, 63).

2. A method according to claim 1, characterized in
that said worm shaft (28, 69) is installed in said
housing (21, 68) of said output arrangement (3) pri-
or to installing said driven-side rotator (29, 63) of
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said clutch (C, 61) in said housing (21, 68) of said
output arrangement (3) in said step of installing said
worm shaft (28, 69) and said driven-side rotator (29,
63) of said clutch (C, 61).

3. A method according to claim 1, characterized in
that said worm shaft (28, 69) and said driven-side
rotator (29, 63) of said clutch (C, 61) are installed
in said housing (21, 68) of said output arrangement
(3) as a one-piece member in said step of installing
said worm shaft (28, 69) and said driven-side rotator
(29, 63) of said clutch (C, 61).

4. A method according to any one of claims 1 to 3,
characterized by a step of installing an annular col-
lar (31, 62) and a rolling element (32, 64) of said
clutch (C, 61) in said housing (21, 68) of said output
arrangement (3) upon installing said driven-side ro-
tator (29, 63) in said housing (21, 68) of said output
arrangement (3) before said step of connecting said
motor main body (2) to said housing (21, 68) of said
output arrangement (3), wherein:

said collar (31, 62) is installed in said housing
(21, 68) in non-rotatable relationship with re-
spect to said housing (21, 68) and surrounds
both said driving-side rotator (35, 66) and said
driven-side rotator (29, 63);
said driven-side rotator (29, 63) includes a con-
trol surface (41, 63b) facing an inner peripheral
surface (31d) of said collar (31, 62);
said control surface (41, 63b) is spaced from
said inner peripheral surface (31d) of said collar
(31, 62) for a distance that varies along a cir-
cumferential direction of said collar (31, 62);
said rolling element (32, 64) is positioned be-
tween said control surface (41, 63b) of said
driven-side rotator (29, 63) and said inner pe-
ripheral surface (31d) of said collar (31, 62);
said rolling element (32, 64) rotates integrally
with said driven-side rotator (29, 63) when said
driving-side rotator (35, 66) is rotated upon en-
ergization of said motor; and
said rolling element (32, 64) is clamped be-
tween said control surface (41, 63b) of said
driven-side rotator (29, 63) and said inner pe-
ripheral surface (31d) of said collar (31, 62) to
prevent rotation of said driven-side rotator (29,
63) when said driven-side rotator (29, 63) is ro-
tated by an external force.

5. A method according to claim 4, characterized in
that said step of installing said annular collar (31,
62) and said rolling element (32, 64) of said clutch
(C, 61) further including a step of installing a support
member (33, 65) of said clutch (C, 61) in said hous-
ing (21, 68) of said output arrangement (3), wherein
said rolling element (32, 64) is first installed in and

rotatably supported within said support member
(33, 65) prior to being installed in said housing (21,
68) of said output arrangement (3).

6. A method according to claim 5, characterized in
that said collar (62) and said support member (65)
are installed in said housing (68) of said output ar-
rangement (3) while said collar (62) and said sup-
port member (65) are correctly positioned with re-
spect to said driven-side rotator (63) using a posi-
tioning jig (72, 76).

7. A method according to claim 6, characterized in
that said collar (62) and said support member (65)
are correctly positioned with respect to said driven-
side rotator (63) in a rotational direction of said driv-
en-side rotator (63) by engaging said positioning jig
(72, 76) with a positioning portion (62b) of said collar
(62), a positioning portion (65e) of said support
member (65) and a positioning portion (63c) of said
driven-side rotator (63), respectively.

8. A method according to any one of claims 1 to 7,
characterized by a step of testing operation of said
clutch (C, 61) just before said step of connecting
said motor main body (2) to said housing (21, 68)
of said output arrangement (3).

9. A method according to claim 8, characterized in
that said step of testing said operation of said clutch
(C, 61) includes steps of:

inserting an operation testing jig along a install-
ing direction of said driving-side rotator (66),
said operation testing jig being engageable with
a rotational drive coupling portion (63c) of said
driven-side rotator (63) to rotate said driven-
side rotator (63);
engaging said operation testing jig with said ro-
tational drive coupling portion (63c); and
directly rotating said driven-side rotator (63) by
said operation testing jig.

10. A motor including a motor main body (2), an output
arrangement (3) secured to said motor main body
(2), and a clutch (C, 61) arranged between said mo-
tor main body (2) and said output arrangement (3),
said motor main body (2) including a rotatable shaft
(6) rotatably supported therein, said output arrange-
ment (3) including a housing (21, 68) and a worm
shaft (28, 69) rotatably supported within said hous-
ing (21, 68), said clutch (C, 61) transmitting rotation
of said rotatable shaft (6) to said worm shaft (28,
69) and preventing transmission of rotation of said
worm shaft (28, 69) to said rotatable shaft (6), said
motor being characterized in that said clutch (C,
61) includes:
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a driven-side rotator (29, 63) that rotates inte-
grally with said worm shaft (28, 69);
a driving-side rotator (35, 66) that is positioned
in generally coaxial relationship with respect to
said driven-side rotator (29, 63) and rotates in-
tegrally with said rotatable shaft (6), said driv-
ing-side rotator (35, 66) being drivingly engage-
able with said driven-side rotator (29, 63);
an annular collar (31, 62) being received in said
housing (21, 68) of said output arrangement (3)
in non-rotatable relationship with respect to
said housing (21, 68) and surrounding both said
driving-side rotator (35, 66) and said driven-
side rotator (29, 63), said driven-side rotator
(29, 63) including a control surface (41, 63b)
facing an inner peripheral surface (31d) of said
collar (31, 62), said control surface (41, 63b)
being spaced from said inner peripheral sur-
face (31d) of said collar (31, 62) for a distance
that varies along a circumferential direction of
said collar (31, 62), a smallest inner diameter
of said collar (31, 62) being larger than a largest
outer diameter of said driving-side rotator (35,
66), so that said driving-side rotator (35, 66) is
axially detachably engageable with said driven-
side rotator (29, 63) through said collar (31, 62);
and
a rolling element (32, 64) positioned between
said control surface (41, 63b) of said driven-
side rotator (29, 63) and said inner peripheral
surface (31d) of said collar (31, 62), said rolling
element (32, 64) rotating integrally with said
driven-side rotator (29, 63) when said driving-
side rotator (35, 66) is rotated upon energiza-
tion of said motor, said rolling element (32, 64)
being clamped between said control surface
(41, 63b) of said driven-side rotator (29, 63) and
said inner peripheral surface (31d) of said collar
(31, 62) to prevent rotation of said driven-side
rotator (29, 63) when said driven-side rotator
(29, 63) is rotated by an external force.

11. A motor according to claim 10, characterized in
that said worm shaft (28, 63) is formed separately
from said driven-side rotator (29, 63).

12. A motor according to claim 10, characterized in
that said worm shaft (28, 63) and said driven-side
rotator (29, 63) are formed together as a one-piece
member.

13. A motor according to any one of claims 10 to 12,
characterized in that said clutch (C, 61) further in-
cludes a support member (33, 65) for rotatably sup-
porting said rolling element (32, 64), said support
member (33, 65) being rotatably supported within
said housing (21, 68) of said output arrangement
(3) between said driven-side rotator (29, 63) and

said collar (31, 62).

14. A motor according to any one of claims 10 to 13,
characterized in that said driven-side rotator (63)
includes a rotational drive coupling portion (63c) for
engaging with an operation testing jig for testing op-
eration of said clutch (C, 61).

15. A motor according to claim 13 or 14, characterized
in that each one of said collar (62), said support
member (65) and said driven-side rotator (63) in-
cludes a positioning portion (62b, 65e, 63c) for en-
gaging with a positioning jig (72, 76).

16. A motor according to claim 15, characterized in
that said rotational drive coupling portion (63c) of
said driven-side rotator (63) also acts as said posi-
tioning portion (63c) of said driven-side rotator (63).
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